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(54) INSULATING GATE TYPE SEMICONDUCTOR DEVICE 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide an insulating gate type 
semiconductor device having an on-resistance similar to that of a 
thyrister, while the resistance level of an element at a short-circuit 
accident is kept with a high maximum cut-off current density. 
SOLUTION: The insulating gate type semiconductor device comprises 
an N- base layer 1, a P-type base layer 2, a trench 3 so formed as to 
penetrate the P-type base layer 2 before reaching a depth D from the 
interface against the N- base layer 1 , and a gate electrode 4 
embedded in the trench 3 via a gate insulating film. A plurality of 
N-type emitter layers 5 are formed in well in the lengthwise direction 
of the P-type base layer 2 separated into a stripe by the trench 3, 
while a cathode electrode is formed so as to be connected electrically 
to the surface of the P-type base layer 2 and the surface of the 
N-type emitter layer 5. If this is set as a basic configuration, the 
on-resistance will be reduced, while the maximum cut-off current 
density is high by increasing the conductivity modulation of the N- 
base layer 1 with the large depth D of the trench 3. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application converted 

registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



25.03.2003 



Copyright (C); 1998,2003 Japan Patent Office 



1 / 1 



2003/07/22 22:12 



09)B*BMMOT(JP) <l2>&KM$lM^ (A) (11)*IHBB4W#* 

2002-100770 



(P 2002-100770 A) 
(43)^B ¥l£l4*4fl 58(2002.4.5) 



(51)Int.CI. 7 HUME? 


F I 


(##) 


H 0 1 L 29/78 6 5 2 


HO 1 L 


29/78 6 5 2 F 






6 5 2 B 






6 5 2 C 


6 5 3 




6 5 3 C 


6 5 5 




6 5 5 A 


*H* »*«<7>&5 OL 


(£1 9W) 


(21) ffiW-^ 4f M2000-288324 (P2000-288324) 


(71)&HA 


000003078 








(22) ttJUB ¥$12^9fl 22 B (2000. 9. 22) 








(72)»W# 


ttJH jfe* 






»*JllSIHH»iS^E^|fiJJ|[2«ri#» ft 
















(74)ftSA 


100058479 








(54) tt«y-hfl*#ff*B 



(57) mm 

x = 7*g5£*J.>MfciCjgj£U Pl^-*Jf 2<7)S 




3 

<&4*PNPN«jg*&4*-9--f U^^*fit»*t L 
[0 0 0 8] L*U HI 2 4 tZ^1" I GBTtli, NM 

■ 1 ^OWF-OttA^ y-H6«R*^LTFU>f- 
3 ua^iiitL^y- h^S4 Hi: i} M/>f 3 OMi 
ffiUft££ft£N-f + *^**LTff*>*U>fcJC>* ±E 

££C&v> J: 9 Kffi/£$ftT>>* 0 
[0 0 0 9] ZOtztb, I G B T ii G T 0 (Gate Turn-0 
ff thyristor)^<7)&fi<^<< U X * i:jf<T * Vjfiffi 

[0 0 l 0] -fr-f 'JX*ti, ±BBc7)i:^t:^>^ 

S-CPNPNfltit^ y^r 7yt^)/:i6t>tE (* 

[0011] 

<, 7 7f77^^UOT««t«L| l V^ 

v^nn^o^o 4fc» Y \s>*M IGBTii 

[0 0 12] *5feW*i±EoPJH**»ftt^<*^n 

[0 0 13] 

^■/^u«-a^n/ci9iap^8^t > ^^»2«ma^- 



(3) 2002-100770 

4 

[ooi4] ztii&*mnLtttLi*. wsR^m^ho 
*a^*ctr*>«a:s:fi:«L. *oi»E«ao»*ii 

[0 0 15] *#wcii*«w^ifc»y- h across 

2 *sa^ - *«<&sffiua«MKBjs s it/ctta 
o*max5^it, cico^2^ms^-^®o 

fc»t, y"-h*»R«r^LrflJE**:«*!>atrJ:^U 

20 Ejssti*:*'- fliE«2*«a^-^«os 

«a^-^«^Tisic»fi;$ii^»2**a^5 ? *n 
o±sffi£*ft«u «rE«2»«a^-^)iaft#* 

*^«M*«2<IOl»Efllic*<i< r *i*"r&J: ? 

^o, «E»o«i*sa^-^jinffi^ 

30 -£<D£££D (m) , «TE* h 7 4 2 *«a 

^-XSO*i£W (m) , «fE»2 3f«a'<-^JiOSS 

ME«2*Sa^-^80»i)gL*ffift«rC (m) , 
«IE»2*«a^-^«0->- hffi$/i£Rp (O/squar 
e) , «rE* 1 ?lix 5 v * «oi»E* 1-7^ 7^0 
g##[6|«0*s£d 1 (m) t-tZ££, (RpXdl) 2 
^2X1 0~\ W/ (CXD) ^1X1 0 s O*ft^« 

[0016] B*Ett«r- ha*##s«uijv^ 

40 *E«S<3»l»SaiS -yJStt, ^<OM"SS^2 

iBo«rEanc-tn-rn«i--6 <t ^ uffM£ ft* c t ^r*# 
l o o 1 7 ] # i l < u> iiex h ? ^ ?m<om 2 

a^-^^ii, »#*WU¥ffU«JS*nfc*102ffl 

ii/j»2O2ffl<0SSE8Hcj: 0JSa^H3c$n^:«««: 
»E^ h 7 4 yBOff^i:j&o Tit ») ii LK^t * 
- t: J: n J&OL $ ft , l»Efl[fto« 10x;-^n 
*OH*3WUE* 1 <o 2 f@o«tc^ft^ft^-r* J:ti: 
50 ©J£$ft, «rEMSti:fti^S35*SifE«2 0 21iO« 



(5) 



loo3 2] ui {Z7Ft&mr~ vm^^m^^ 

lUfctt* h l^>f30^^D^^h LT. P32 
x* ^18^t)N^-^| 1 lz&X2titzJElL<Oifo 

[0 0 3 3J Z<0%m$frtziai\zfL&ntttfZb\z 

y- vM#&ftmm<D*>kin t *®%mz&mzzt 

tfx-^&o zwlntt, N-^-xJl l <r>j- 1 y 
S«£*ifciE?LK.fcaNgx * 7 ^15^bOt^±A 
<0*ifiD£, I^T> I ESb*(Injection Enhancement Eff 20 
ect)kW&z\tlzt*>o 

[0 0 3 4 ] faz&^tzXnlz^ m 1 t:*tlfegy- h 

t«5CW^««$n*^(OT% ±«ffi6(ciE?L*:»aJt 

-y- h 4 ate J: ^S$ftfcP§S^-*l§2ti, mm 
* Y U>f-3 fcy- K*ffi4 -CHinArN-^-^li 1 

M1"£-£:U&& 0 30 
[0 0 3 5] **Wco*fe«y- hffl¥«#8Sfi*r 

(V-X) ^ibN-^-X^l (Kl"f>) ^co^O 

l <0&J/ta*i§ < ta oT*8«0*»y- h S**#*a 40 
tt*7«JUCft& 0 
[0 0 3 6] ^J:-?tC, « ] OH«60JBSCft-5*ft« 

Ma*F7>y^^W-F-p»»$n, l EMC 

-*J§ ] <0«Jjt£ft/MfcU Nax;7«5tPS^ 
-^lt«:8lO±tS6tSaLt77f77^@ 
it^:tlU^ &*OGTO*^>f 'J^ICJt^T 
«*j|K*a«JK^*i <* *>«ijt(iGT0*-»M 'J 



2002-100770 



8 



[0 0 3 7] tt±, Sg 1 OHJSo»lffi<0««y- h 
(a) , 13 (b) £Ev>T, fesfeoi GBTtttJtL 

[0 0 3 8)13 (a) <o%miz%L%w<D&ig>y~y¥ 

m«&tm.<D&*mmt:m+o GBTto^jt* 

^ - h U>^#ffi$ft£P^-*{i£B&£ft 
[0 0 3 9] 03 (a) O^flCN-^-^Jf Kfclt 

mm*±$<, nm*$ v 9m<nmtmt:ftmiz'tz>£ 

[0 0 4 0] jfefca^fc £ ? tc, 124 i:$ttt*o I 
GBTtli, NIxv^l5tPi^-Xl2^|l 

*Jf 5 t P83k?-*II 2 tomobT;u h >«Klc J: *} 
Nix Syjrms KfiiA Lfcv*J: ^Cfi^i: "C? 

[0 0 4 1 ] *5SW<Ott»y- hffl*«ft*B^i5lt& 
Ktt*ttO« 1 H3 (a) <Offl$L (1) IC^ 

^l^iili (*v-K«ffi) ET^ci^^r, at 

i^nix; y rmzmiSL+z. :onix^^ii: 

»tSP^^i«®ol8it$rt^(t^ P 
/W'<*Saoffl£*;fc§ < Lt7 7f7 7/Bi^|fi] 
ai"*»»»* (»»«SlIsc= 100A-3 0 0A/ 
[0 0 4 2] ±l£NSx^ -^IdttSP^ 

lt, mi, me. ms. mi o. 112, n 

14,IHl5.gil6,{ai7(*dl Xtfd ^^L/Co 
2^m. d=l^m-10^mt'ii), ifc»iL<U 



11 

W/(DXC)^ 1 x l O 5 

v**>Jgi/tfc, «OI GBT*0«*iSBf«a*KO 

i fc § 4 o 10 

[0 0 5 7] *KH6, B7«:ffl^t* 1 ^HJfi^Kffi 
H7ii. H6WA-ABrffiHTA* 0 86, 11 7 

natrNS^u 7/1 i o i&m+zzttfm 1 osys 

*C * * fc a& H - K B - fc # L r » ffi 4 
I0 0 5 8] H6. EITONS'^rB l OlUfttf, 

Y\s>*mmmzMf&ztiz>&&y-h 20 

1 0i:N-^xi l tOBC»«^*i*/h*4lf A- h 

[0 0 5 9] CO«l*t±, jfeUW 1 <?5*Jfc^3Ba-CttW 
^5- h U>f-3 a fc^S-y- h 4 alcj: 5 

[0 0 6 0] H8*rfflv»r»2 0jMS^«!Bu« 

7^)f5^n*iiOM/>^3C(7)^L> i6<7)J: 40 

l ^*6^3BS^:Bttr-*&/j*!>, B-»5JlcB-^# 
-ABrSlHi. Nix; -^15^ PI9^-*J1<7)4* 

'6a«rai.rjBS6?nn«fH2 trattci pg^- 

XfiO+'t«UjiLilt*ilfH2 5tH8t:i4o 
[0 0 6 1 ] £2 <?>mfc<DMB<0&»Y- h m*mit£ 



#§§ 2002-100770 
12 

[0 0 5 6] 

- (2) 

[0 0 6 2] «OI E»*4r#*L«rvM GBT<0*§ 

I E»**::tf>J:7frx = -^»atH»i:Hv^:t 
[0 0 6 3] B3K*«Woafc*KS*SLfc*«, £2 
- ^ - X 1 (7) * V -V * « O R It * HI i@ O ' <7 > - 9 X 

[0 0 6 4 ] COi^tc. PS^-^lKfctt^NSx 

[0 0 6 5] ^K, B9i:ffl^T*2^ttO«SOtt 

*-*1*»2^l6Jfi<OJBffi(0^«ii, PI^-^12(7) 

2<0£ttO»«fc*fca o *«Mfe<0»iili* 1 O^jjfeO 
3BHSfcB«"C**fc*{>, H-«#KB-0#!H#^*tfr 

[0 0 6 6] 5fe^*lo3l»<o»ffi^9:^«i:LTBiW 
Lfc*^ N1/OJ7H 0HWglW±lS6 
C»ttS$*iai<1-&«l*3&**)-6o -ftSrfflmitf, £2 
OHifiWJBffiUiJtt* I E«i*<*)«^£tiv\ iTf-O* 

^ (1) , ^ (2) tc^L^tOt^OiSfflt^ct 
[0 0 6 7] 10. [HI 1 ^ffl v^r « 3 O^Jfe<7) 

HI l(i@l 0(i*+»«@^A-ABrffi*:^i-E|-e* 
4»ii±a)#»<i, Uli oo^mn^lili loilii: 
P>^3 h«S4 ^X^r^l (Bl# 

[0 0 6 8] t$T-ihU>f 3CJ:^UJ:^:i^ 



15 

[0 0 8 2] »4^Htt<0»g-CJi, Nix^ 7**5 
3WWEL4v»PH^-^Ji2S:*«ES*4Ct4<, » 

[0 0 8 3] HI 5«rffl^T»4C0*iS^»^ 

2^T»:BftLTNa<OA»J7il 0feft«t-6:t 

^*4on»ojBst*^&o *ott*>»aHi* i 

[ 0 0 8 4 ] 5feU»3^Jk03BS^R3g«t LTKM 
Lfciii:, Nffl/OJTBI 0tiE?L^»l<o±Kffi6 
U»ffl$*ilt<t*a*^*-5o -tifcffl^tUif, £3 
*>Mfc*5#ffitciilt4 I E»*<Bj*^*||i\ I^t 

(2) L/:t^)«:^jJfflt^:t 

[0 0 8 5] B 1 6 fcffli^T £ 5 <7)^0?f^(C 

»&*»y-ha*»fWtBUo^TlWM-4 0 £50 

3 CM&i n/:^- hVA4 3ft*X*|p| (ll$%) K 
[0 0 8 6] mj-m h U>f 3UJ; f)BSi:-6J:-7UH4 

Pi^-xi2, atf-e-^TffioN ^-*« 1 4tt^=- 

h U>f 3CJ: OBBi:* J:^(cHSnrv^ 0 
[0 0 8 7 ] Lfr L, 5fcUB 1 0 > Hi 1 tfflv»TKW 
L/:i3^M^lfeiy- hg**#i«Ufcv> 

»<?)PSS'<-^B2UB«LT, Nix'7^15^ 

£L4^4 < t i> 1 iiop^-<-^* 2 75 f ®g£^nr 



(9) StBH 2002-100770 

16 

y 5*q¥ftLfcv*Pl!'<--*JB2 * A* t 

«OPfi^-^«2^a^»:B«LT*«S*i-6 0 
[0 0 8 8] 4fcBl 6U45^T, £*i<btf>B«t** 
Yy^-f^9->iiK Xy^fa (Bl££l) K5>fcd/ 
2 /iitr ttTKM £ *LT fr\ ^ *Ui+S:S H * o x 

10 t¥Sr^oT<)T$St^or«w^^ 0 

[0 0 8 9] ^^)J:-5^sv^cB«-t*«iS:ONjai5 
•^15 £^frP^-X/f 2^4&/**-><7>&yg 

»ti, mi 6oa£«ic^sti4 j:^«c*npa^-^ji 

«OPS^--XB2lc(i, »l^±lS6lil»«t:8 
[0 0 9 0] w(0J:-5uflSft$n^*5O|{iS^JSo 
NSx^y^isty-^, N-^-*Jf 1 £^i§ 

[0 0 9 1 ] L^U *3 03Ufi^BST{i, Nix< 
y *«5^SttL4v>P^- < x«2 

30 ir*^L/:^n^oPi^-7;i2 u j:&jE?L«»<o 
Kib&*fcS*i1\ ZOtzft. I Ett*fc J: 

;uB5a*i J: •) bit* i <h i:4r4 B 

[0 0 9 2] B 1 7 *ffl^r»5 03li60JBS % 0 

2 0T«UB«LTNS|/<yT*l O^^tt-TSCli:^ 
[0 0 9 3] 9clZ#3<Dnm<D&&0)£1&ttt LTf&Bft 

uftasftKtitt** 1 **, cntffl^nif, ^5 

* (1) , * (2) i:SL/:tOt^Jifflt»-5:i 

50 ^r^^o 



(11) 



19 



IMS] *»W^«»y-hfi*##»ttO-fe^^^X 

*»#SS«0 A - A K ■ * He 
[BD8] *2tt£ttOEffiKfc*«*r- hB¥*fc» 

#*#**o»a«:^-r»sHo io 
[hi o] *3omto»auft««iiy-h9^*« 

[HI 1] *3 0H*«>»S8ic«4*IBy- 

gMOA-A©r®£^l-Ho 
[HI 2] *3^*JS^S<o«JBWu«&«»y- h 

a*»#«ito*a**+«raBU 

[HI 3] »3 0*lfc03BS0«««^«4tt»r- h 
WIMI^A-Alri^tic 
[Hi 4] ^4^iolgi:g^,lgy- ha**ft 

[Hi 5] »4^tS<o»ffio«JBWU«*l6«r- h 

[HI 6) *5^)3ltS^ffi^«-6*«y- ha*»# 
^Mcotlii^^MUHo 
[HI 7] »5^itO»S^SJB«tc«attifty- h 

[hi 8] m6<Dnm<Dim^%&imr-YM*m» 

[HI 9] «6OHJj|<0?gffitc(SS|ft«y- ha*** 
SI«<OflfeOl4fi6«r^1"Ho 30 

[i2o] ft7o*ttomuft*««y- na*«* 
[i2i] »7^at<o»«t«i4*6«y- ha**# 



#582 0 0 2- 1 0 0 7 7 0 
20 

[H2 2 j *%^<7)^r- ha**#«so««ttii 

[H2 3] *%^Offe^y- hfi**#MO^^» 
vOtg£*^tHT-*>oT, (a) li, E««ffia^y 
^-■✓^Siao-WSr^tHo (b) ti, ESSttB'* 

[H2 4] a*0*6«r- ha***36«0«ii*Si- 



[H2 5] ttfcOlHt*'- ha**#*JtOA- AKffi 
^r^t" Ho 

1 -N-^-^S 

2- pa^-^Ji 

3- M/>* 

3 a hl/>f 

4 a-*'*-*'- h1S& 

6- *lilS 

7— N*'*y 7 7H 

9-»*2±mi 



1 0 

1 1 

1 2 

2 0 
2 1 
2 2 
2 4 
2 5 
2 6 



-nnn 

2 3 -tt&Bfi 
•E*a><?*-y 



[H2] 

5 



p+ 



1 




(15) 



&SJ 2002-100770 



1 0] 




{HI 2] 




[HI 8] 



imi 9] 



its* 50 

-50 



V0O22S0V > 2000 
IC-200A | 1500 

r>=i25x; a 1000 

Vg«±15V J 
Vc8(srt)-2.87V ^ 
©IC-50A ^ 0 



Vcc 



150 g 
100 * 

50 J> 

n n 



*H*-50 

Vco2700V 

IC-200A § 

Vge±1SV | 3000 

Vce(sal)- 2.99V W 2000 

@lc=50A £i0O0 
7)-FLT. 




5/iS 



f I 

(17) #^2002-100770 



[HI 6] 





